Background Developing effective cancer control programmes requires information on the future cancer burden in an ageing population. In our study we predicted the burden of cancer in Catalonia from 2015 to 2025. Methods Bayesian age-period-cohort models were used to predict the burden of cancer from 2015 to 2025 using incidence data from the Girona and Tarragona cancer registries and cancer mortality data from the Catalan mortality registry. Using the Bashir-Estève method, we divided the net change in the number of cases between 2015 and 2025 into changes due to population size (S), cancer risk (R) and age (A) distribution. Results By 2025, there will be 21,743 new cancer cases in men (40% aged [ 74 years) and 17,268 in women (37% aged [ 74 years). More than 40% of the new cases will be diagnosed among population aged 74 and older in prostate, colorectal, lung, bladder, pancreatic and stomach cancers in men, and in colorectal, pancreatic and bladder cancers and leukaemia in women. During 2015-2025, the number of new diagnoses will increase by 5.5% in men (A ? R ? S = 18.1% -13.3% ? 0.7% = 5.5%) and 11.9% in women (A ? R ? S = 12.4% -1.1% ? 0.6% = 11.9%). Overall cancer mortality rates will continue to decrease during 2015-2025. Lung cancer will be the most lethal cancer among men (N = 2705) and women (N = 1174). Conclusions The increase in the number of cancer cases in Catalonia from 2015 to 2025 will mostly affect the elderly, prompting the need for increased collaboration between geriatricians and oncologists.
Introduction
Predicting the future burden of cancer in a given population is of interest to the institutions responsible for cancer control, as this information is required for planning future services and allocating resources [1] .
Changes in exposure to cancer risks and protective factors help determine the future burden of cancer in a population [1] , as do changes in population demography. As life expectancy increases, so too does the lifetime risk of developing cancer [2] . Since a large proportion of cancers in Catalonia are diagnosed in older adults [3, 4] , population ageing leads to an increase in the absolute number of cancer cases [5] . By 2050, 40% of Spain's population is set to be aged 60 years or older (Population Ageing and Development 2009: http://www.unpopulation. org), so it is crucial to take into account the effect of ageing when assessing the cancer burden [6] . At the same time, treating elderly patients is challenging due to agerelated metabolic changes and comorbidities as well as the lack of guidelines, posing a huge problem for policy makers [7, 8] . These factors increase the demand for healthcare resources, particularly for controlling chronic diseases such as cancer.
This paper quantifies the changes in Catalonia's cancer burden between 2015 and 2025, with particular focus on the changes associated with population ageing.
Materials and methods
We aggregated cancer incidence data from the Tarragona and Girona population-based cancer registries for the period between 1994 and 2012 and used them to estimate cancer incidence in Catalonia. We obtained cancer mortality data for the period between 1994 and 2013 from the Catalan mortality registry. These cancer incidence and mortality data were stratified by sex and cancer type according to the IXth and Xth edition of the International classification of diseases depending on the period of mortality data (See Classification of cancer cases/deaths section and supplementary Table S1 included in the supplementary material). Incidence and mortality data were arranged in annual intervals in 18 5-year age groups, from 0-4 years to 85 and older.
The Catalan Institute of Statistics (http://www.idescat. cat) provided data on the Catalan population and its age distribution in both sexes for the study period. We used the predicted Catalan population for 2015 and 2025 by 5-year age groups in order to project cancer incidence and mortality by age groups.
Modelling projections
We derived cancer incidence in Catalonia from 1994 to 2012 by applying the age-specific cancer rates in Girona and Tarragona, accounting for 20% of the Catalan population [3] , as a whole to the age-specific population counts in Catalonia. We assumed homogeneous rates for the whole autonomous community.
Based on these estimates, Bayesian autoregressive ageperiod-cohort models [9] were fitted to data from the period between 1994 and 2012, and these models were used to predict incidence and mortality for 2015-2025, assuming Poisson distribution for the number of cases [10] . We describe extensive details of the prior distributions, models used and the model choice in the Supplementary material file. Tables 1, 2 , 3, 4 present crude and age-standardised (world population) incidence (ASIR) and mortality rates (ASMR), the number of new cancer cases and deaths in the 35-64 and C 65 age groups and the proportion of cases diagnosed in people aged over 74 years for the years 2015 and 2025.
To assess the percentage change in incident cases between 2015 and 2025, we used the Bashir-Estève method through the web tool RiskDiff [11] , which enabled us to split the net change (NC) in the number of cases into changes in demography and changes in cancer risk (R). Since demographic changes can be divided into changes in population size (S) and population structure (ageing: A), the NC can be partitioned into three additive quantities NC = A ? R|A ? S|A, where changes in risk and population size are conditioned by changes in population structure (R|A and S|A) [6] . Based on this method let 
; where k i2015 is the age-specific incidence rate for a specific cancer that was observed during the period 2015, and P i2025 is the age-specific population at risk predicted for the year 2025. If we let P 2015 ¼ P i P i2015 and P 2025 ¼ P i P i2025 as the total population counts in 2015 and 2025, respectively,
is the total expected number of cases in 2025 due to changes in population size. Since N i2015 ¼ k i2015 P i2015 and N D 2025 all these quantities are related to changes in population structure, ageing. We carried out a factorial analysis to assess the most likely contribution of risk, ageing and population size to the percentage changes in incidence between periods. 
Results
The burden of cancer incidence Table 1 Figure 1 shows the time trend of the overall age-standardised incidence and mortality rates from 1995 to 2025. The age-standardised incidence rate (ASIR) is expected to decrease in men and stabilise in women. When we examine the time trends for each cancer type, we see that there are few exceptions to the general trend (Figures S1 and S2, Supplementary Material). Figure S1 shows a stabilisation of pancreatic cancer and a slight rise in melanoma and testicular cancer in men, while Figure S2 shows an expected rise in lung, kidney and thyroid cancer in women. Table 2 shows the most common cancer types predicted for 2015 and 2025. In men, the three most common types for both years are prostate ( lung cancer (N = 1253) will surpass corpus uteri cancer (N = 840). Our predictions showed that in men, more than 40% of the new cases of prostate, colorectal, lung, bladder, pancreas and stomach cancer will be diagnosed in people aged over 74 years. In women, this age group will account for more than 40% of new cases of colorectal cancer and leukaemia, and more than 50% of new cases of pancreatic and bladder cancer. The change in the burden of these cancers by age group from 1995 to 2025 is depicted in Figure S3 ( Figure S3 d and h).
Comparing cancer incidence between 2015 and 2025: changes in demography and risk in the 35-64 and > 64 age groups Table 3 shows the percentage difference in the number of cases from 2015 to 2025 due to changes in the risk of developing cancer and changes in population structure (ageing) and size. In men, the 5.5% increase is chiefly attributable to changes in population structure (18.1%) and size (0.7%) since risk of developing cancer is expected to decrease by 13.3%. We observed this pattern for all cancer types except melanoma and testicular cancer, for which an increase in risk is expected (11.1 and 26.1%, respectively). In women, we find a similar pattern, with the decline in gynaecological and breast cancer mainly due to the decrease in risk. In contrast, our results predict a rise in the risk of thyroid (14.2%), kidney (22.2%) and lung cancers (46.6%), with respective net increases in incidence of 16.6, 37.1 and 62.7%, respectively. As with men, population demographics contribute the most (ageing: 12.4%; size: 0.6%) between 2015 and 2025, although to a markedly lesser extent than among men due to the more modest reduction in risk. Figure 2 depicts the changes in the number of incident cases from 2015 to 2025 by sex and by age group (35-64 and [ 64 years). The supplementary material file presents tables with the corresponding percentage differences in these age groupings (Tables S3-S6 ). The increase in number of cases in the 35-64 age group is relatively small; the tumour types with the largest increases were prostate cancer in men (49 cases) and breast cancer in women (123 cases) in women. It follows that the overall rise in the number of cases over the 10-year study period is primarily due to the considerable increased number of cases among people aged over 64 years. The increase in population size of this age group (light blue bar) is the main driver of change. Note that changes in population size in a subgroup of older population shows that ageing is a major contributing factor to the burden of the total population. The types of cancer expected to increase by more than 40 cases between 2015 and 2025 are: in men (Fig. 2a, b) , colorectal, prostate, bladder, pancreas, lung, non-Hodgkin's lymphoma, melanoma and kidney; in women (Fig. 2c, d ), lung (74% of cases attributable to changes in risk) followed by colorectal, breast, kidney, corpus uteri, pancreas, bladder and thyroid. For these cancer types, the increase is proportional to the change in population size whereas changes in risk may drive the expected increase for kidney and thyroid. To assess these results, a principal components analysis (See Supplementary material) making use of the count variables estimated using these differences has shown that changes in population structure, and, therefore ageing, are the main contributors to the increase in the burden of cancer in Catalonia by 2025 (See supplementary material for details).
Burden of cancer mortality
ASMRs are expected to decrease in men (2015: 129. 
Discussion
According to the results of our study, from 2015 to 2025, cancer incidence rates in Catalonia will decrease in men and level off in women, mainly due to decreasing incidence rates in the younger population. On the other hand, we predicted a slight increase in the absolute number of new cases between 2015 and 2025, due for the most part to population ageing. Our predictions show that in 2025, 35-40% of new cancer cases will be diagnosed in patients over 74 years of age.
As life expectancy increases, the number of new cancer cases is expected to do the same [2] . However, projections need to focus not only on demographic changes [12] , but also on the time lags between changes in risk factors and their effect on the burden of cancer [6] (e.g., smoking prevalence and lung cancer [13] ). Our study predicts a significant rise in lung cancer incidence and mortality rates in women in Catalonia, reaching levels similar to those described in the female population of other European countries [14] . Despite this result, the recent stabilisation of the most common cancer types in men (prostate) and Fig. 1 Observed and projected rates of cancer incidence (red) and mortality (blue) in Catalonia from1995 to 2025 accounting for all cancer types except non-melanoma skin cancer. ASR age-standardised rate women (breast) is the trend with the greatest effect on predicted burden of cancer incidence by 2025.
There are some limitations in the interpretation of our results. The most important limitation is related to the estimation of cancer incidence in Catalonia during the base period. Since cancer incidence data for the whole region are not available, we assumed that the aggregated cancer incidence rates from Girona and Tarragona could be used as an estimate. This assumption may lead to an underestimate of the cancer burden (total number of cases/deaths) for the whole region although it may affect less the time trend effect [10] . Second, the method we used is based on projecting the most recent trends into the future through future population estimates. Changes in the most recent trends as well as in future population counts and age distribution can affect predictions to a considerable degree [1] . Third, we note that the burden of cancer in Catalonia presented here is smaller than that predicted using with the same data in a previous study [4] , since the base period was different and the future population counts were 10% higher than currently estimated.
Cancer sites selected
Prostate cancer has been the most widely diagnosed cancer in Spanish men since the mid 1990 s [15] due to the introduction and widespread use of the prostate-specific antigen (PSA) test [3] . Figure S3 .1 shows a stable trend in new diagnoses in Catalonia since 2010, while Figure S1 shows a stabilisation followed by a decrease in ASIR. However, we also predicted an increase in the number of cases observed in men aged over 64 years, with 40.7% of new cases expected to be diagnosed in men aged over 74 years by 2025. A similar pattern was previously observed in other countries [16] . Nevertheless, we detected a marked decrease in prostate cancer mortality, possibly as a result of improved treatment and screening [16] .
By 2025, colorectal cancer will continue to be the second most common cancer type in both sexes. The predicted increase in crude rates in Catalonia from 2015 to 2025 is mainly due to the ageing of the population (more than 40% of new cases will be diagnosed in people aged over 74 years: 42.4% in men; 49.2% in women). Alcohol and tobacco consumption have been associated with colorectal cancer risk, with studies showing that 70% of new colorectal cancers could be avoided through a healthy lifestyle [17] . The development of screening programmes has also been important for colorectal cancer control. The faecal occult blood test in particular has been shown to reduce cancer incidence and cause-specific mortality by up to 10% through the detection of adenomatous polyps [18] . In 2018, a specific screening programme covering the whole population aged 50-69 years is expected to be fully implemented in Catalonia, and our incidence and mortality predictions may need to be modified depending on the results.
Since 2001, breast cancer incidence in Spain has stabilised [3, 15] , with a downturn attributed to routine screening among women aged 45-64 [19] . The slight increase in the number of incident cases from 2015 to 2025 in Catalonia chiefly affects women aged 65 and older. Our mortality predictions show a decrease in the number of breast cancer deaths among women under 65 years, mainly as a result of access to mammography screening and more effective breast cancer management and treatment [6] . As Table 4 shows, lung cancer could soon surpass breast cancer as the most lethal cancer among women in Catalonia.
Lung cancer and other tobacco-related cancers
By 2025, lung cancer will be the third most common cancer in Catalonia and the most lethal cancer in both sexes. The increased burden in women is primarily due to changes in the risk of developing this cancer (46.6%), although the highest increase between 2015 and 2025 is expected to affect women aged 65 years and older (N 2015 = 414; N 2025 = 884; Table 1 ). The most important risk factor for lung cancer is smoking [20] , so the increased prevalence of smoking among Catalan women can explain the rising lung cancer incidence and mortality rates in this population since the late 1990s. This trend stands in contrast to that observed among men in Spain [3, 21, 22] , who have increasingly given up the habit since the mid 1980s [21] . It would, therefore, be reasonable to expect a continued rise in lung cancer burden in women [6, 15, 21, 22] . According to our predictions, the male-female ratio of lung cancer incidence and mortality will decrease from fourfold to threefold between 2015 and 2025. This narrowing of the gender gap may also extend to other tobacco-related cancers such as oral cavity, pharyngeal and laryngeal cancer [15] . These types of cancer share common risk factors, such as tobacco and alcohol consumption [20, 23] and, to a lesser extent, human papillomavirus (HPV) infection [24, 25] , which is more specifically associated with cancer of the tonsils, base of the tongue and other parts of the oropharynx [24] .
A further two types of tobacco-related cancer are urinary bladder (population attributable fraction 50%) [26] and pancreatic cancer (* 30%) [27] . Our predictions show that in women, more than 55% of new cases in these cancers will be diagnosed in people aged over 74 years.
Other cancer types
Other cancers diagnosed to a large extent in people older than 74 years are stomach cancer (44.2% in men) and leukaemia (44% in women). We also predicted a non-significant difference in the number of cases of corpus uteri, ovary and cervix uteri cancer in women between 2015 and 2025. However, with the parallel introduction of the HPV vaccine and opportunistic screening for HPV in Spain, cervical cancer incidence and mortality are expected to decrease in the coming years [15] . The incidence of nonHodgkin's lymphoma has also stabilised and is expected to decrease, possibly due to the decreased incidence of AIDSrelated lymphomas among young adults and the efficacy of available treatment in recent years [28] .
In Catalonia, skin melanoma incidence may rise slightly among men and level off among women, resulting in similar incidences in both sexes, as observed in other Spanish regions [15] . Our results also show an expected rise in the number of cases of kidney cancer (37.1%) and thyroid cancer (14.2%) in women between 2015 and 2025. Evidence suggests that the increase in kidney cancer may be due to variations in risk factors as well as increased use of imaging techniques, resulting in better detection of small tumours [29] , while the stable prevalence of established risk factors for thyroid cancer in the last few decades suggests that rising incidence is associated with improved detection and diagnosis, and largely or totally reflects overdiagnosis of small papillary carcinomas [30] . This could also be the situation in Catalonia.
Conclusion
The increase in the number of new cancer cases from 2015 to 2025 will affect the elderly in particular. These findings can inform planning and resource allocation for future services, having implications for enhancing and expanding existing geriatricians and oncologists' collaboration [8] . In addition, targeting risk factors such as obesity, physical inactivity and tobacco use may help to reduce cancer risk in younger populations.
